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UXQQLQJ YHKLFOHV DQG WKHUPDO ORDGV7KHPHFKDQLFDOGHVLJQ DGRSWLQJ DQ\RI WKH WUDFN
PRGHOVDYDLODEOHLQWKHWHFKQLFDOOLWHUDWXUHUHTXLUHVWKDWWKHVWUHQJWKRIWKHWUDFNLVIXOO\
FKDUDFWHUL]HG ,Q WKLV SDSHU WKH UHVXOWV RI DQ H[SHULPHQWDO UHVHDUFK DFWLYLW\ RQ WKH
VOHHSHUEDOODVW UHVLVWDQFH DORQJ WKH ODWHUDO DQG WKH ORQJLWXGLQDO GLUHFWLRQV DUH UHSRUWHG
DQGGLVFXVVHG,QSDUWLFXODUWKHZRUNLVDLPHGDWLGHQWLI\LQJWKHVWUHQJWKFRQWULEXWLRQV
RIIHUHG E\ WKH EDVH WKH EDOODVW EHWZHHQ WKH VOHHSHUV DQG WKH EDOODVW VKRXOGHU WR WKH





SHUFHQWFRQWULEXWLRQV IURPWKHFULE WKHVOHHSHUEDVHDQGWKHVKRXOGHUDUH UHVSHFWLYHO\
HTXDOWRDERXWDQGLQWKHODWHUDOGLUHFWLRQDQGDQGLQ
WKH ORQJLWXGLQDO RQH 0RUHRYHU WKH FRPSDULVRQ RI WKH DFTXLUHG GDWD ZLWK OLWHUDWXUH
UHVXOWVUHYHDOVWKDWDGHWDLOHGNQRZOHGJHERWKRIWKHWHVWLQJFRQGLWLRQVDQGWKHDFWLYDWHG
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ZLWK WUHDG VXUIDFH GLVFRQWLQXLWLHV WKDW RFFXU LQ MRLQWHG WUDFNV WKH SUHVHQFH RI
FRPSUHVVLYH VWUHVVHV LQ WKH UDLOV FDXVHG E\ WKH VRODU KHDWLQJ DQG WKH ORQJLWXGLQDO
FRQVWUDLQW DFWLRQ GXH WR WKH EDOODVW FRPSHO UDLOURDG HQJLQHHUV LQVSHFWLQJ FRQWLQXRXVO\
WKH OLQHV DQG FDUU\LQJ RXW WKH UHODWHG PDLQWHQDQFH RSHUDWLRQV WR UHGXFH WKH ULVN RI
WKHUPDO WUDFN EXFNOLQJ D YHU\ FRPSOH[ SKHQRPHQRQ KDYLQJ RIWHQ FDWDVWURSKLF
FRQVHTXHQFHV
5HVHDUFKHUV KDYH IRFXVHG WKHLU DWWHQWLRQ RQ WKH WKHUPDO EXFNOLQJ SKHQRPHQRQ IRU D
ORQJ WLPH DQG QXPHURXV H[SHULPHQWDO DFWLYLWLHV KDYH EHHQ FDUULHG RXW XQWLO QRZ LQ





WKHQ LQRUGHU WRDQDO\VHWKHSKHQRPHQRQ LQJUHDWHUGHWDLODQHTXLYDOHQWEHDPKDYLQJ
WKH VDPH FURVVVHFWLRQ DQG URWDWLRQDO LQHUWLD DV WKH UHDO WUDFN >·@ UHSODFHG WKH
UDLOVOHHSHU VWUXFWXUH7KHVHEHDPPRGHOVDUHTXLWH LQWXLWLYHEXW WKH\FDQQRW WDNH LQWR
DFFRXQWWKHVWURQJLQIOXHQFHRIWKHWRUVLRQDOVWLIIQHVVRIWKHIDVWHQHUVQRUWKHHIIHFWVRI
PLVVLQJWLHVDQGIDVWHQHUVEHLQJWKHEHDPFRQWLQXRXVO\FRQVWUDLQHGWRWKHEDOODVW
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PRGHO RI WKLV NLQG ZDV SURSRVHG E\ /HL DQG )HQJ >@ 6LPLODU )( PRGHOV ZHUH
GHYHORSHG>@LQRUGHUWRFDUU\RXWVHQVLWLYLW\DQDO\VHVRIWKHEDOODVWUHVLVWDQFHDQG
WUDFNLUUHJXODULWLHVRQWKHVWDELOLW\RI&:5
$OWKRXJK WKH WKHRUHWLFDO HQTXLULHVZKLFK KDYHEHHQFDUULHG RXW VR IDU UHDFKHG DYHU\
KLJKFRPSOH[LW\OHYHOWKHUHOLDELOLW\RIWKHUHVXOWVRIDQ\DQDO\VLVRIWKHWUDFNEHKDYLRXU
LV VWLOO VWURQJO\ FRQGLWLRQHG E\ WKH XQFHUWDLQWLHV DERXW WKH EDOODVW EHKDYLRXU DQG WKH
LQWHUDFWLRQVRIWKLVODWWHUZLWKWKHWUDFNJUDWH>@
8QWLO QRZ VHYHUDO UHVHDUFKHV DLPHG DW PHDVXULQJ WKH EDOODVW UHVLVWDQFH KDYH EHHQ
FDUULHGRXWDPRQJZKLFKLWLVZRUWK\WRKLJKOLJKWWKRVHFRQGXFWHGLQ86$>·@8.
>@$XVWUDOLD>@DVZHOOWKHPRVWSRSXODUVWXG\FRQGXFWHGE\WKH(XURSHDQ5DLO
5HVHDUFK ,QVWLWXWH (55, >@ 'DWD XQWLO QRZ DFTXLUHG ZHUH REWDLQHG IURP
SDUWLFXODUWUDFNFRQILJXUDWLRQVDQGDVDFRQVHTXHQFHLWLVQRWSRVVLEOHWRXVHWKHPDVD
EDVLV IRU TXDQWLWDWLYH SUHGLFWLRQV RI WKH EDOODVW EHKDYLRXU LQ VFHQDULRV GLIIHUHQW IURP
WKRVH IURP ZKLFK WKH\ ZHUH GHULYHG 0RUHRYHU PRVW RI WKHP UHIHU WR WKH ODWHUDO
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IL[HG ZLWKRXW D FULWHULRQ 6RPHWLPHV WKH UHSRUWHG H[SHULPHQWDO UHVXOWV DUH SDUWLDOO\
FHQVRUHGRUGDWDDUHUHIHUUHGWRK\SRWKHWLFDOO\XQLIRUPFRQGLWLRQVHYHQLILQJHQHUDOLW
LVNQRZQWKDW WKHSUHVHQFHRIVLQJXODULWLHV LQWKHVXEJUDGHFDQJUHDWO\DOWHU WKHEDOODVW
EHKDYLRXU
7KH WHVWLQJPHWKRGVFXUUHQWO\DGRSWHG WRPHDVXUH WKH LQ VHUYLFHEDOODVW UHVLVWDQFHDUH
YHU\ ODERULRXVDQG WLPHFRQVXPLQJ >@ ,QRUGHU WR WHQWDWLYHO\RYHUFRPH WKHVH
OLPLWDWLRQVRI WKHPHDVXUHPHQWSUDFWLFHV DQDQDO\WLFDO DSSURDFK IRU WKHHYDOXDWLRQRI
WKHODWHUDOUHVLVWDQFHEDVHGRQDFRQWLQXRXVUHFRUGLQJERWKRIWKHIRUFHVDSSOLHGE\WKH
WDPSLQJPDFKLQHWRWKHWUDFNDQGWKHFRUUHVSRQGLQJWUDFNGLVSODFHPHQWVZDVSURSRVHG
LQ >@ 8QIRUWXQDWHO\ H[SHULPHQWDO SUDFWLFHV ZKLFK DOORZ WKH GLUHFW RU LQGLUHFW
PHDVXUHPHQWRIWKHGLIIHUHQWIULFWLRQDOFRQWULEXWLRQVWRWKHODWHUDOWUDFNVWUHQJWKDUHVWLOO
XQNQRZQ
7KH UHODWLYH LPSRUWDQFHRI WKH WKUHHPDLQFRQWULEXWLRQV WR WKH ODWHUDODQG ORQJLWXGLQDO
VOLGLQJUHVLVWDQFHQDPHO\ WKHVOHHSHUEDVH WKHFULEDQG WKHVKRXOGHUGHSHQGVRQ WKH
WUDFNFURVVVHFWLRQJHRPHWU\EDOODVWJUDLQVL]HDQGVKDSHJUDGHRIEDOODVWFRPSDFWLRQ
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HDFK VOHHSHU H[HUW D JUHDW LQIOXHQFH ,Q SDUWLFXODU DV UHSRUWHG LQ >@ WKH UHVLVWDQFH
RIIHUHG E\ WKH EDVH GHSHQGV RQ WKH YHUWLFDO ORDG ZKLOH WKDW UHODWHG WR WKH FULE DQG
VKRXOGHULVHVVHQWLDOO\UHODWHGWRWKHEDOODVWLQWHUQDOIULFWLRQDQGWKHYROXPHRIWKHJUDLQV
LQWHUHVWHGE\WKHVOHHSHUVPRYHPHQWV>@0RVWRI WKHVWXGLHVFDUULHGRXW WLOOQRZRQ
WKHEDOODVW VWUHQJWK FRQWULEXWLRQV DUHHVVHQWLDOO\ VHQVLWLYLW\ DQDO\VLV FDUULHGRXWE\ WKH
)(PHWKRG >WR FLWH D IHZ @ ,Q >@ OLWHUDWXUH GDWD DQG (55, WHVWV UHVXOWV DUH







WR WKH WRWDO VOLGLQJ UHVLVWDQFH RI WKH EDVH FULE DQG VKRXOGHU ,Q SDUWLFXODU WKH EDVH
FRQWULEXWLRQ ZDV UHODWHG WR WKH QRUPDO DQG PRPHQW ORDGV XVLQJ WKH %XWWHUILHOG DQG
*RWWDUGLPRGHO>@DQDSSURDFKWKDWDOORZVUHODWLQJWKHEDOODVWIDLOXUHPHFKDQLVPVWR
WKHGLIIHUHQFHVLQWKHFRQWDFWSUHVVXUHWKDWDULVHRQWKHVXUIDFHEHWZHHQWKHEDOODVWDQG
WKH VOHHSHU EDVH ,W LVZRUWK KLJKOLJKWLQJ WKDW WKH H[SHULPHQWDO GDWD GLVFXVVHG LQ >@
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,QRUGHU WR ILOO LQ WKHJDSVRI WKHSUHVHQWVFLHQWLILFEDFNJURXQGRQZKLFK WKH UXOHVIRU
GHVLJQ DQG PDLQWHQDQFH RI WKH &:5 DUH EDVHG IXUWKHU H[SHULPHQWDO LQYHVWLJDWLRQV
LQWHJUDWHG ZLWK WKRVH ZKLFK KDYH EHHQ FDUULHG RXW XQWLO QRZ DUH QHHGHG 0RUH
VSHFLILFDOO\DVSHFLILFWHVWLQJSURJUDPLVQHFHVVDU\WRFKDUDFWHUL]HWKHEDOODVWEHKDYLRXU




WKH ODWHUDO DQG ORQJLWXGLQDO GLUHFWLRQV DUH UHSRUWHG DQG FULWLFDOO\ GLVFXVVHG 7KLV
H[SHULPHQWDODFWLYLW\DLPVDWDQLQGHSWKXQGHUVWDQGLQJRIWKHUHODWLYHLPSRUWDQFHRIWKH
WKUHHPDLQFRQWULEXWLRQVWRWKHODWHUDODQGORQJLWXGLQDOVOLGLQJUHVLVWDQFHQDPHO\WKRVH
RIIHUHGE\ WKHFULE WKHVKRXOGHUDQG WKH VOHHSHUEDVH ,W LVSDUWRID5HVHDUFK3URMHFW
IXQGHGE\5),WRVWXG\WKHVWDELOLW\RIWKHFRQWLQXRXVZHOGHGUDLO>·@7KHPDLQ
DLPVRI WKHSURMHFWZHUHWKHEDOODVWPHFKDQLFDOFKDUDFWHUL]DWLRQLQ WKHZLGHVWSRVVLEOH
QXPEHU RI VHUYLFH FRQGLWLRQV VFHQDULRV DQG D QHZ WUDFN PRGHO IRU VWXG\LQJ WKH
WKHUPDO EXFNOLQJ DQG SRVWEXFNOLQJ WUDFN EHKDYLRXU >@ 7KH H[SHULPHQWDO
DQDO\VLV RI WKH ORQJLWXGLQDO EDOODVW FRQWULEXWLRQV LV D TXLWH LQQRYDWLYH DVSHFW RI WKLV
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)URP WKH FRPSDULVRQ RI GDWD DFTXLUHG E\ WKH DXWKRUV ZLWK WKRVH IURP OLWHUDWXUH
LQWHUHVWLQJ FRQVLGHUDWLRQV FDQ EH GUDZQ UHJDUGLQJ WKH HIIHFWV SURGXFHG E\ WKH WUDFN




7KH H[SHULPHQWDO GDWD RI WKH SUHVHQW SDSHU ZHUH REWDLQHG IURP D WHVWLQJ FDPSDLJQ
FDUULHGRXWLQ7UDFFLDQHDUWKH&HQWUDO7UDLQ6WDWLRQLQ1DSOHVLQDQDUHDSURYLGHGE\
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)URP WKH WUDFN OLQH VHYHQ VFHQDULRV ZHUH GHYHORSHG 7KH\ DUH DOVR VNHWFKHG LQ WKH
WHVWLQJ SODQ VKRZQ LQ )LJ  ,Q SDUWLFXODU  VFHQDULRVZHUH SUHSDUHG IRU ODWHUDO SXOO
















XQVFUHZHG DQG UHWLJKWHQHG LQ RUGHU WR SHUIRUP UDLO QRUPDOL]DWLRQ )LQDOO\ WKH VKRUW
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VOHHSHU DQG WKH EDOODVW EHG DUH GLIIHUHQW ZKHQ WKH WUDFN LV ORDGHG DORQJ HLWKHU WKH
ORQJLWXGLQDORU WKH ODWHUDOGLUHFWLRQ UHVXOWLQJ LQDGLIIHUHQWFRQWULEXWLRQRI WKHEDVH WR
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,Q SDUWLFXODU WKH V\VWHP LV PRGXODU DQG LV FRQILJXUDEOH XS WR D PD[LPXP RI ILYH
ORDGLQJOLQHVRSHUDWLQJVLPXOWDQHRXVO\(DFKORDGLQJOLQHV)LJDLVFRPSRVHGE\DQ
HOHFWURPHFKDQLFDO DFWXDWRU RQH RU PRUH ORDG FHOOV GHSHQGLQJ RQ WKH WHVW
FRQILJXUDWLRQDGLVSODFHPHQWWUDQVGXFHU$FORVHGORRSGLVSODFHPHQWFRQWURORSHUDWHV









'XH WR WKH GLIIHUHQFHV EHWZHHQ WKH SUHYLRXV H[SHULPHQWDO FDPSDLJQ >@ DQG WKDW
UHSRUWHGLQWKLVSDSHUQHZLQWHUIDFHVWRFRQQHFWWKHORDGLQJV\VWHPDQGWKHWUDFNZHUH
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QHHGHG ,QSDUWLFXODU DW WKHSUHVHQW WHVWLQJ VLWH WKHUHZDVRQO\ D VLQJOH WUDFNKHQFHD
UDLOURDGORDGHUZDVXVHGDVIL[HGFRQVWUDLQW+RZHYHUWKHORDGHUVKDSHGLGQRWSURYLGH




ZDV GHVLJQHG7KH UHVXOW RI WKLV GHVLJQ DFWLYLW\ LV WKH VWUXFWXUH VKRZQ LQ )LJ 7KH
V\VWHP DOORZV WR WUDQVIHU WKH ORDG ZKLFK LV DSSOLHG E\ WKH DFWXDWRUV DORQJ GLIIHUHQW
ORDGLQJOLQHVWRDVLQJOHSRLQWRQWKHWHVWDUWLFOHDVZHOODVWRWKHFRQVWUDLQLQJSRLQW7KH
PDLQ IHDWXUHRI WKLV V\VWHP LV WKHSRVVLELOLW\ WRFRQQHFWFKDLQV FDEOHVRU URSHVXVLQJ






8VLQJ WKH ORDGLQJ V\VWHP SUHYLRXVO\ GHVFULEHG WKH VFKHGXOHG WHVWV ZHUH FDUULHG RXW
7KHWHVWVZKLFKKDYHEHHQSHUIRUPHGXQGHUGLVSODFHPHQWFRQWUROZHUHFDUULHGRXW LQ
RUGHUWRLGHQWLI\WKHFKDUDFWHULVWLFFXUYHXQGHUVSHFLILFWUDFNFRQGLWLRQV:LWKWKLVDLP
UHJDUGOHVV WKH SODVWLFLW\ DQG WKH IDLOXUH FRQGLWLRQ RI WKH EDOODVW EHG HDFK WHVWV ZDV
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RU DQ DQDO\WLFDOPRGHO WKURXJKZKLFK WKH SRVWEXFNOLQJ EHKDYLRXU RI WKH WUDFN XQGHU
WKHUPDOEXFNOLQJFRXOGEHVWXGLHG0RUHRYHUVRPHVFHQDULRVKDYHEHHQWHVWHGIXUWKHU
SXOOLQJWKHSDQHODERYHPP,QVRPHFDVHVEHIRUHWKHHQGRIWKHWHVWWKHSDQHOKDV
EHHQ XQORDGHG DQG UHORDGHG 7KLV GLYHUVLRQ IURP WKH PD[LPXP GLVSODFHPHQW DERYH
GHILQHGLVGXHWRWKHSRVVLELOLW\HLWKHUJDWKHULQJIXUWKHUGDWDUHJDUGLQJWKHYDULDWLRQLQ
VWLIIQHVVDIWHU UHDFKLQJ WKHEDOODVWSODVWLFLW\RU WRDVVHVV WKHYDULDWLRQ LQ WKHUHVLVWDQFH
DIWHUWUDFNXQORDGLQJ
7KHDSSOLHGORDGZDVUHFRUGHGGXULQJWKHODWHUDOSXOOWHVWVDORQJWKHORQJLWXGLQDOD[LVRI
HDFK VOHHSHUZKLOVW GXULQJ WKH ORQJLWXGLQDO SXOO WHVWV WKH IRUFHYDOXHVZHUHPHDVXUHG




WLPH GXULQJ WKH WHVWV LQ RUGHU WR GLUHFWO\ FRUUHODWH WKH DFTXLUHG GDWD ZLWK WKH WHVW
SDUDPHWHUV>@
)RUHDFKVFHQDULR WKHLQVWDQWDQHRXVDYHUDJHVRIERWKWKHORDGVDSSOLHGWR WKHVOHHSHUV
DQGRI WKHFRUUHVSRQGLQJ VOHHSHUV GLVSODFHPHQWVZHUHFRPSXWHG LQ UHDO WLPHGXULQJ
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FULEDQG WKHRQHPHDVXUHG LQ WKH%%%VFHQDULR7KHFRQWULEXWLRQVIURPWKHVKRXOGHU
DQGWKHFULEZHUHREWDLQHGFRPELQLQJWKHUHVXOWVREWDLQHGIURPIRXUVFHQDULRVQDPHO\
%%%%&%%&8%%8DFFRUGLQJWRWZRGLIIHUHQWVHW
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ODWHUDO VOHHSHU VXUIDFHV FDQ EH HVWLPDWHG E\ VXEWUDFWLQJ IURP WKH YDOXH RI WKH ODWHUDO
UHVLVWDQFHPHDVXUHGLQWKH%%%VFHQDULRWKHFRUUHVSRQGLQJYDOXHPHDVXUHGLQWKH%&%
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VOHHSHU ORFDWHGEHWZHHQ WKH ILUVW WUDFNSDQHO WREH WHVWHGDQG WKHPRYDEOHHQGVRI WKH
DFWXDWRUVZDV UHPRYHG )LJ 0RUHRYHU WZR UDLO VHFWLRQV DERXW P ORQJZHUH
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VWURQJ LQIOXHQFHH[HUWHGERWKE\ WKHPHDVXULQJPHWKRG WKHFRUUHVSRQGLQJ HTXLSPHQW
DGRSWHGIRUWKHLQYHVWLJDWLRQVDQGWKHVSHFLILFEDOODVWFRQGLWLRQVRI WKHWHVWVLWHRQWKH
VFDWWHURIWKHH[SHULPHQWDOGDWD
,Q7DE  IRU H[DPSOH WKH SHDN YDOXHV IRU XQORDGHG WUDFNV RI WKH EDOODVW WUDQVYHUVDO
UHVLVWDQFH DFTXLUHG GXULQJ WKH WHVWV RQ WKH %%% WUDFN SDQHO DQG WKRVH RI D SUHYLRXV
WHVWLQJ FDPSDLJQ FDUULHG RXW RQ VLPLODU VFHQDULRV >@ ZKHUH WKH5),  WLHVZHUH
XVHG LQVWHDG RI WKH )693 WLHV DGRSWHG LQ WKH VFHQDULRV RI WKH SUHVHQW SDSHU DUH
UHSRUWHG 7KH\ JLYH DQ LGHD RI WKH DIRUHPHQWLRQHG VFDWWHU 7KH HYLGHQW GLIIHUHQFHV
EHWZHHQWKHWZRVHWRIVWUHQJWKYDOXHVVKRXOGGLVVXDGHDQ\RQHIURPXVLQJOLWHUDWXUHGDWD
ODFNLQJ RI SUHFLVH LQIRUPDWLRQ DERXW WKH UHIHUHQFH VFHQDULR DQG WKH DGRSWHG
H[SHULPHQWDOSUDFWLFH
+RZHYHUQHLWKHU WKHVFDWWHUTXDQWLILFDWLRQQRUWKHDQDO\VLVRILWVPDLQVRXUFHVDUH WKH
FHQWUDO SXUSRVH RI WKH SUHVHQW ZRUN ,QVWHDG WKH SUHVHQWHG H[SHULPHQWDO DFWLYLW\ KDV
EHHQ FDUULHG RXW HVVHQWLDOO\ LQ RUGHU WR FROOHFW GDWD E\ ZKLFK WKH LQGLYLGXDO VWUHQJWK
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FRQWULEXWLRQV IURP WKH FULE WKH VKRXOGHU DQG WKH XQGHU VOHHSHU EDOODVW WR WKH JOREDO
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UHVLVWDQFH >@ ,Q RXU FDVH WKH ILUVW PHFKDQLVP ZDV REVHUYHG ZKHUHDV LQ >@ QR
GHWDLOVDUHJLYHQDERXW WKLVDVSHFWZKLFKRQFHDJDLQKLJKOLJKWV WKHQHHGRIDGHWDLOHG
GHVFULSWLRQ ERWK RI WKH WHVWLQJ FRQGLWLRQ DQG RI WKH H[SHULPHQWDO REVHUYDWLRQV RI WKH
IDLOXUHPHFKDQLVPV WKDWZDNHVXSZKHQ WKHFULWLFDOFRQGLWLRQV DUH DWWDLQHG$V LQ WKH
FDVHRIFULEEDOODVWIDLOXUHLQIDFWLIWKHH[SHULPHQWDOWHVWILHOGLVPDGHRISRRUEDOODVW





LV WKHYHUWLFDO ORDGRQ WKHVOHHSHUDWWDLQV WKHPHDQYDOXHRIDERXWVHH7DEOH
)RUWKHWUDFNVHFWLRQFRQVLGHUHGLQWKLVVWXG\NJ)693W\SHVOHHSHUVVSDFHGRI
PDQGNJP8,&UDLOVWKHZHLJKWRIWUDFNSHUVOHHSHULV9§1
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 ZHLJKW RI IDVWHQHUV ZKHUHDV WKH SHDN YDOXH RI WKH EDVH FRQWULEXWLRQ/ ZDV
H[SHULPHQWDOO\IRXQGWREHHTXDOWR1VHH7DEOHVDQGWKLV OHDGWR/9§
ZKLFKLVRQO\DERXWVPDOOHUWKDQWKHYDOXHUHSRUWHGLQ>@
$OVR IRU WKH FULE UHVLVWDQFH D TXLWH JRRG DJUHHPHQW ZLWK WKH UHVXOWV RI >@ FDQ EH
DSSUHFLDWHGVHHVHFRQGURZRI7DEOHEHLQJRQO\DERXWWKHSHUFHQWGLIIHUHQFH
EHWZHHQUHVXOWVIURP>@DQGWKHYDOXHZHKDYHPHDVXUHG0RUHRYHUWKLVYDOXHIXUWKHU




FXUYH RQO\ EDVH FRQWULEXWLRQ IRXUWK URZ RI 7DEOH  IURP WKDW REWDLQHG GXULQJ WKH
%%8WHVWEDVHDQGFULEFRQWULEXWLRQVWKLUGURZRI7DEOHLQWKLVFDVHLQIDFWDYDOXH
RI1 LV IRXQGDV UHSRUWHGLQ WKH WKLUG URZRI7DEOHZKLFKFRUUHVSRQGV WRD
RQO\GLIIHUHQFHZLWKUHVSHFW WR WKHUHVXOWVRI>@0RUHRYHU LIZHPXOWLSO\WKLV
YDOXHE\WKHUDWLREHWZHHQWKHOHQJWKVRIWKHVOHHSHUVXWLOL]HGUHVSHFWLYHO\LQ>@DQG
LQWKLVVWXG\QDPHO\ EHLQJPWKHOHQJWKRIWKHVOHHSHUXWLOL]HGLQ
>@ DQG  P WKDW RI WKLV VWXG\ D FULE UHVLVWDQFH RI î §  1 LV
REWDLQHGZKLFK LV\HW LQJRRGDJUHHPHQW ZLWKDGLIIHUHQFHRIZLWKWKHYDOXHRI
1IRXQGLQ>@
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UDWLR RI FURVVVHFWLRQ SHULPHWHUVȆ/33ȆWV ZKHUHȆ/33   î    FP VHH




&RQFHUQLQJ WKHGLIIHUHQFHVREVHUYHG LQ WKH VKRXOGHUFRQWULEXWLRQV LW LVZRUWKZKLOH WR
REVHUYHDOVRWKDWWKHDGRSWHGH[SHULPHQWDOSUDFWLFHPD\KDYHDVWURQJLQIOXHQFHRQWKH
YDOXH RI WKH VKRXOGHU VWUHQJWK:KHQ WHVWV DUH FDUULHG RXW DFFRUGLQJ WR WKH VLQJOH WLH
SXVK WHVW 6737 DV GRQH LQ >@ VKRXOGHU UHVLVWDQFH LV XVXDOO\ KLJKHU WKDQ WKDW
REWDLQHGE\SXOOWHVWVRQFXWSDQHOVFRQWDLQLQJVHYHUDOVOHHSHUV>@7KLVLVSUREDEO\
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'XULQJ WKH QXPHULFDO DQG H[SHULPHQWDO DFWLYLWLHV RQ WKH WKHUPDO VWDELOLW\ RI WKH
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WKDWZDNHV XSZKHQ WKH FULWLFDO FRQGLWLRQV DUH DWWDLQHG )RU WKHVH UHDVRQV WKH XVH RI











D 6\PSRVLXP +HOG DW 3ULQFHWRQ 8QLYHUVLW\ $SULO   3HUJDPRQ 3UHVV 
SS±
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>@ .HUU $' DQG =DUHPEVNL $0 7KH 5HVSRQVH (TXDWLRQV IRU D &URVV7LH 7UDFN $FWD
0HFKDQLFD±
>@ *ULVVRP *7 DQG .HUU $' $QDO\VLV RI ODWHUDO WUDFN EXFNOLQJ XVLQJ QHZ IUDPHW\SH
HTXDWLRQV,QWHUQDWLRQDO-RXUQDORI0HFKDQLFDO6FLHQFHV±















>@ -DFNVRQ -( %DXOG 15 5DPHVK 06 DQG 0HQRQ 6& $ VXSHUHOHPHQW IRU ODWHUDO WUDFN
GHIRUPDWLRQ,Q$SSOLHG0HFKDQLFV5DLO7UDQVSRUWDWLRQ6\PSRVLXP&KLFDJR86
1RYHPEHU±'HFHPEHUSS±









>@.LVK $ DQG 6DPDYHGDP * 7UDFN %XFNOLQJ 3UHYHQWLRQ 7KHRU\ 6DIHW\ &RQFHSWV DQG
$SSOLFDWLRQV 5HSRUW QR '27)5$25' 'HSDUWPHQW RI 7UDQVSRUWDWLRQ )HGHUDO
5DLOURDG$GPLQLVWUDWLRQ:DVKLQJWRQ86
>@-HRQJ'<$QDO\VHVIRU/DWHUDO'HIOHFWLRQRI5DLOURDG7UDFN8QGHU4XDVL6WDWLF/RDGLQJ
,Q 3URFHHGLQJV RI WKH $60(  5DLO 7UDQVSRUWDWLRQ 'LYLVLRQ )DOO 7HFKQLFDO
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>@:X < 5DVXO0* 3RZHOO - HW DO 5DLO WHPSHUDWXUH SUHGLFWLRQPRGHO ,Q&25( 
*OREDO 3HUVSHFWLYHV &RQIHUHQFH RQ 5DLOZD\ (QJLQHHULQJ HGV 0 'KDQDVHNDU 7
&RQVWDEOH DQG ' 6FKRQIHOG %ULVEDQH $XVWUDOLD  6HSWHPEHU  SS
&DQEHUUD$XVWUDOLD7KH5DLOZD\7HFKQLFDO6RFLHW\RI$XVWUDODVLD
>@(55,&RPPLWWHH',PSURYHGNQRZOHGJHRIIRUFHVLQ&:5WUDFNLQFOXGLQJVZLWFKHV





>@6DPDYHGDP * .DQDDQ $ 3LHWUDN - .LVK $ 6OX] $ :RRG WLH WUDFN UHVLVWDQFH
FKDUDFWHUL]DWLRQDQGFRUUHODWLRQVVWXG\5HSRUWQR'27)5$25'
>@(55,''7 ,PSURYHGNQRZOHGJHRI IRUFHV LQ&:5WUDFN LQFOXGLQJVZLWFKHV





>@.RF::LON$&KURVWRZVNL3DQG*UXONRZVNL67HVWVRQ ODWHUDO UHVLVWDQFH LQUDLOZD\
WUDFNVGXULQJ WKHRSHUDWLRQRI D WDPSLQJPDFKLQH3URF ,0HFK(3DUW) -RXUQDORI5DLO
DQG5DSLG7UDQVLW±
>@.RF:DQG:LON$,QYHVWLJDWLRQVRIPHWKRGVWRPHDVXUHORQJLWXGLQDOIRUFHVLQFRQWLQXRXV
ZHOGHGUDLO WUDFNVXVLQJ WKH WDPSLQJPDFKLQH3URF,0HFK(3DUW)-RXUQDORI5DLODQG
5DSLG7UDQVLW±
>@ =DNHUL -$ DQG %DUDWL 0 8WLOL]LQJ WKH WUDFN SDQHO GLVSODFHPHQW PHWKRG IRU HVWLPDWLQJ







>@ =DNHUL -$ (VPDHLOL 0 .DVUDHL $ DQG %DNKWLDU\ $ $ QXPHULFDO LQYHVWLJDWLRQ RQ WKH







RI QDLOHG VOHHSHUV RQ LQFUHDVLQJ WKH ODWHUDO UHVLVWDQFH RI EDOODVWHG WUDFN&RPSXWHUV DQG
*HRWHFKQLFV±
>@ *RWWDUGL * %XWWHUILHOG 5 2Q WKH EHDULQJ FDSDFLW\ RI VXUIDFH IRRWLQJV RQ VDQG XQGHU
JHQHUDOSODQDUORDG6RLOVDQG)RXQGDWLRQV±
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>@ 'H ,RULR $ *UDVVR 0 3HQWD ) 3XFLOOR *3 5RVLHOOR 9 HW DO 7UDQVYHUVH 6WUHQJWK RI
5DLOZD\ 7UDFNV SDUW  0XOWLSOH VFHQDULRV WHVW ILHOG )UDWWXUD HG ,QWHJULWj 6WUXWWXUDOH
±

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